Abstract -The activity of diallylamido-bis(diethylamido)guanidinium chloride in radical polymerization and copolymerization with vinyl monomers giving rise to random copolymers has been studied. A lower activity of diallylamido-bis(diethylamido)guanidinium chloride than that of vinyl monomers has been demonstrated. It has been shown that this monomer readily copolymerizes with sulfur dioxide and alternating copolymers of equimolar composition are formed regardless of the comonomer ratio in the initial mixture and the reaction conditions (the nature of solvent and initiator, temperature, and conversion). The structure of polymers has been studied by 13 C NMR spectroscopy.
ISSN 1560 -0904, Polymer Science, Ser. B, 2007 , Vol. 49, Nos. 7-8, pp. 172-176. © Pleiades Publishing, Ltd., 2007 . Original Russian Text © A.I. Vorob'eva, D.R. Sagitova, M.N. Gorbunova, R.R. Muslukhov, S.V. Kolesov, A.G. Tolstikov, Yu.B. Monakov, 2007 , published in Vysokomolekulyarnye Soedineniya, Ser. B, 2007 , Vol. 49, No. 7, pp. 1293 -1298 It is common knowledge that allyl compounds, including diallylamines, that are distinguished by a tendency toward degradative chain transfer to monomer have low activity in radical polymerization reactions. However, if diallylamines occur in the protonated form or in the form of quaternary ammonium salts, their activity in radical polymerization increases significantly. Particularly, N , N -diallyl-N , N -dimethylammonium chloride is readily involved in homo-and copolymerization with vinyl monomers in the presence of radical initiators [1, 2] . No data is available on the activity of another quaternary salt, diallylamido-bis(diethylamido)guanidinium chloride (AGC) in homo-and copolymerization. However, compounds containing a guanidine group demonstrate a wide bactericidal spectrum and find application as drugs and fungicides [3, 4] . Moreover, it is well known that, owing to their high complexing ability, guanidine derivatives can quantitatively extract Au(I) from alkaline solutions in the presence of amines [5] . Therefore, the introduction of guanidine groups into polymers is undoubtedly an urgent problem.
In this study, we are concerned with the activity of AGC in radical polymerization reactions. EXPERIMENTAL AGC was synthesized via the following scheme. Tetraethylurea I was dissolved in a 2.5-fold amount of dry benzene, and phosgene was bubbled at 9-15°ë under vigorous stirring until the reaction completed (as determined via gas-liquid chromatography). Then the reaction mixture was slowly heated and refluxed until the end of gas evolution. Anhydrous diallylamine II (2.4 mol) was added dropwise to tetraethylurea (1 mol). Then, the reaction mixture was aged for 2 h at 50-60°ë under stirring, and sodium hydroxide (50% aqueous solution, 0.5 mol) was added dropwise to diallylamine (1 mol). The resulting mixture was filtered, and the filtrate was evaporated on a rotary evaporator at 70-75°ë in a stepwise manner: firstly, under vacuum with a water-jet pump and, secondly, with an oil pump until completion of condensation (5-7 mmHg). After the residual NaCl was removed from the product through precipitation into dry acetone, the solvent was distilled off. The yield of AGC IV was ~70% .
The purity of AGC was checked via elemental analysis and 13 C NMR spectroscopy.
Chemical shifts ( δ , ppm) and multiplicity of 13 C NMR spectra of AGC are listed in Table 1 .
Monomers (methyl methacrylate (MMA), acrylonitrile (AN), methacrylic acid (MAA), and N -vinylpyrrolidone (VP)), initiators (AIBN and potassium persulfate), and solvents (methanol, DMSO, and THF) used for synthesis of copolymers were purified via common procedures. Their characteristics are consistent with the literature data. Sulfur dioxide was dried by passing over concentrated H 2 SO 4 and freshly calcined ë ‡ël 2 .
The homo-and copolymerization of AGC with vinyl monomers was carried out in ampoules under vacuum. The copolymerization with SO 2 was carried out in a glass reactor as described in [6] . The reaction was stopped by precipitation of the product into THF. The polymers were precipitated two times from methanol solutions into THF. The purified copolymers were vacuum-dried at 50°ë to a constant weight. The composition of the copolymers was calculated from the elemental analysis data.
The 13 C NMR spectra were recorded on a Bruker AM-300 spectrometer (operating at 75.46 MHz). The spectra were recorded in proton broadband decoupling and JMOD modes. DMSO-d 6 and D 2 O were used as solvents, and tetramethylsilane and 2,2-dimethyl-2-silapentane-5-sulfonic acid were used as internal standards, respectively.
RESULTS AND DISCUSSION
The experiments showed that the free-radical homopolymerization of AGC proceeds at a low rate. In particular, when the reaction is carried out in water and 
Found (%):
C , 62.42; H, 10.67; N, 14.58; Cl, 12.32. DMSO at 80°ë in the presence of 2 wt % potassium persulfate and AIBN, respectively, the initial rate of homopolymerization of AGC is 2.0-2.5% per hour. In the presence of radical initiators, AGC also copolymerizes with vinyl monomers. The reaction conditions are given in Table 2 . The resulting copolymers are characterized by a random distribution of comonomer units. The rate of copolymerization decreases with an increase in the fraction of AGC in the initial monomer mixture. AGC shows a considerably higher activity in copolymerization with sulfur dioxide characterized by high electron-acceptor ability. The copolymerization of AGC with SO 2 occurs with the formation of alternating copolymers of the equimolar composition regardless of the monomer ratio in the initial mixture, the nature of solvent (water, methanol, and DMSO) and initiator (potassium persulfate and AIBN), temperature ( 60-90°ë ), and conversion. The constant composition of the copolymers at different monomer ratios in the reaction mixture along with the literature data on the copolymerization of nitrogen-containing diallyl compounds with SO 2 [6, 7] allow one to suggest that the copolymerization proceeds via formation of donor-acceptor complexes [AGC··· SO 2 ].
Variations in reaction conditions do not change the composition of copolymers but have a considerable effect on the rate of reaction and the yield of copolymers.
The kinetic study of the copolymerization of AGC and SO 2 showed that the rate of reaction as a function of the monomer ratio is described by a curve with a maximum at the equimolar ratio of the comonomers (Fig. 1) . A deviation from the equimolar composition both to a decrease and to an increase in the content of one of the comonomers gives rise to a drop in the reaction rate owing to a decrease in the concentration of the reactive complex in the system. The kinetic studies of the AGC-SO 2 copolymerization in aqueous medium at the initial stages showed that the reaction order with respect to initiator is 0.5. This value is common of radical polymerization. This fact is suggestive of the bimolecular chain termination and the absence of degradative chain transfer to monomer that is characteristic of allyl monomers.
The rate of reaction grows with temperature in the range 60-90°ë independently of the nature of the reaction medium (Fig. 2) . In water, the reaction rates are much higher than those in organic media, all other parameters being the same (temperature and concentrations of initiator and monomer). The effective activation energies calculated from the Arrhenius plots for the copolymerization of AGC with SO 2 in water and methanol are 57.0 ± 2.0 and 56.4 ± 2.0 kJ/mol, respectively. As is known [8] , the activation energies of alternating copolymerization are often lower than those for most radical polymerization reactions with effective activation energies varying from 83.7 to 96.3 kJ/mol.
